(19) 



Europaisch s Pat ntamt 
Europ an Pat nt Office 
Off ic uropeen des brev ts 




(12) 



(ID EP 0 456 199 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
27;08.1997 Bulletin 1997/35 

(21) Application number: 91107426.8 

(22) Date of filing: 07.05.1991 



(51) mta* H01L 21/84, H01L21/336, 
H01L 21/268, H01L 21/20 



(54) Process for preparing a polycrystalline semiconductor thin film transistor 

Verfahren zum Herstellen eines Dunnfilm-Transistors mit polykristallinem Halbleiter 

Procede pour fabriquer un transistor a film mince comprenant un semi-conducteur polycristallin 



m 

O) 
O) 
T- 

CD 
IO 

O 

Q. 
LU 



(84) Designated Contracting States: 
DE FR GB IT NL 

(30) Priority: 11.05.1990 JP 120111/90 
15.05.1990 JP 122938/90 

(43) Date of publication of application: 
13.11.1991 Bulletin 1991/46 

(73) Proprietor: ASAHI GLASS COMPANY LTD. 
Chiyoda-ku Tokyo 100 (JP) 

(72) Inventors: 

• Mas u mo, Kunio 
Yokohama-shi, Kanagawa-ken (JP) 

• Yuki, Masanori 

Hadano-shi * Kanagawa-ken (JP) 

(74) Representative: 
Wachtershauser, Gunter, Prof. Dr. 
Patentanwalt, 

Tal29 «^ ^ 0 
80331 Munchen (DE) 



(56) References cited: 
EP-A- 0 236 953 



US-A-4 545 823 



APPLIED PHYSICS LETTERS, vol. 40, no. 6, 15 
March 1982, NEW YORK US pages 469 - 471 ; 
R.A.LEMONS ET AL: 'Laser crystallization of SI 
films on glass 1 

ELECTRONICS LETTERS, vol. 15, no. 25, 16 
December 1979, ENAGE GB pages 827 - 828; 
S.IWAMATSU ET AL.: 'Silicon-on-sapphire 
M.O.S. F.E.T. fabricated by back-surface 
laser-anneal technology' 

IEEE TRANSACTIONS ON ELECTRON DEVICES, 
vol. 36, no. 12, December 1989, NEW YORK US 
pages 2868 - 2872; K.SERA ET AL.: 
'High-Performance^TFT's Fabricated by XeCI 
Excimer Laser Annealing of Hydrogenated 
Amorphous-Silicon Film' 
FUJITSU-SCIENTIFIC AND TECHNICAL 
JOURNAL, vol. 23, no. 2, June 1987, KAWASAKI 
JP pages 71 - 86; MOTO-O NAKANO: 
'Three-Dimensional ICs at Fujitsu' 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art 
99(1) European Patent Convention). 



Printed by Jouve, 7500 1 PARIS (FR) 



1 

D scription 

The present invention relates to a process for pre- 
paring a polycrystalline semiconductor thin film transis- 
tor or the like used for driving an image displaying device 5 
or the like. More particularly, the present invention re- 
lates to the polycrystallization of an amorphous semi- 
conductor by the irradiation of laser beams which has 
become a center of attraction. 

Recentry, there has been actively developed thin 10 
film transistors (TFT's) for the purpose of the application 
of them to image display devices for plane type displays. 
While polycrystalline semiconductor TFTs have advan- 
tages of high performance, high reliability and so on in 
comparison with those with use of an amorphous sem- 
iconductor thin film, they are disadvantageous in that a 
high temperature is required to form a thin film. Accord- 
ingly, studies on and the application of a technique of 
crystallization of amorphous TFTs obtained by irradiat- 
ing laser beams, which unnecessitates high tempera- 
ture processing for the production of polycrystalline 
semiconductor thin films, have been actively conducted. 

An attempt of reducing unwanted capacitance be- 
tween the gate and the drain of a TFT in order to improve 
the operating speed has been made. In this case, a 
method of forming a gate electrode (hereinbelow, re- 
ferred to as a gate) in a self -aligning manner with respect 
to a source electrode (hereinbelow, referred to as a 
source) and a drain electrode (hereinbelow, referred to 
as a drain) is remarkably effective. 

A conventional process of forming a polycrystalline 
TFT with use of laser beams wherein a source-drain re- 
gion is formed in a self-aligning manner with respect to 
the gate by an ion implantation method will be described 
with reference to Figure 3. Figure 3a is a cross-sectional 
view showing the initial stage of the conventional proc- 
ess for preparing the TFT, and Figure 3b is a cross-sec- 
tional view showing the stage next to the stage as shown 
in Figure 3a. 

First of all, a passivation film 42 and an amorphous 
semiconductor layer 43 are deposited on an insulating 
substrate 41. Then, laser beams are irradiated on the 
laminated article to form a polycrystalline portion in the 
amorphous semiconductor layer 43. A pattern of poly- 
crystalline semiconductor thin film 46 is formed on the 
passivation layer 42 by a photolithography method. A 
gate insulating film 44 and an electric conductive mate- 
rial 45 which serves as the gate electrode are deposited 
on the polycrystalline semiconductor thin film 46. Again, 
a pattern of gate is formed on the electric conductive 
material 45 by the photolithography method. In this 
case, the gate insulating film is etched to have the same 
pattern as the gate. Impurity ions are doped in the poly- 
crystalline semiconductor layer 46 by the ion implanta- 
tion method while the gate is used as a mask, followed 
by heat treating to effect impurity ion activation, whereby 
the source-drain region is formed. Further, an interlayer 
insulating film is formed on the source-drain region, and 



2 

contact holes are formed in it. Thus, the source and th 
drain are respectively formed on the contact holes. 

Such conventional method wherein the impurity 
ions are activated by the heat treatment has the follow- 
ing disadvantage. Namely, when a material having good 
processability and a low heat resistance, such as glass, 
is used as the substrate, the material can not be heated 
at a sufficiently high temperature for the activation of the 
impurity ions, hence, the resistance in the source-drain 
region can not sufficiently be reduced. Further, a de- 
mand of using a material having good heat resistance 
such as quartz (which, on the other hand, deteriorates 
processability) in order to obtain a heat treatment of a 
sufficiently high temperature, is contrary to a demand of 
using a substrate having a large surface area. Accord- 
ingly, the conventional technique is insufficient to realize 
a display having a large surface area and to.prepare a 
plurality of thin film products from a single substrate hav- 
ing a large surface area in order to reduce the manufac- 
turing cost. 

Conventional techniques to produce TFT's are de- 
scribed in IEEE Transactions on Electron Devices, vol. 
36, no. 12, 1989, pages 2868-2872, by K. Sera et al., 
and Electronics Letters, vol. 15, no. 25, 1979, pages 
827-828, by S. Iwamatsu et al. 

In accordance with claim 1 of the present invention, 
there is provided a process for preparing a polycrystal- 
line semiconductor thin film transistor wherein a non- 
singlecrystalline semiconductor formed on a transpar- 
ent insulating substrate is annealed by laser beams, 
said process being characterized by forming a gate in- 
sulation layer and a gate electrode on said non-single- 
crystalline semiconductor; implanting impurity ions into 
a source-drain region of said semiconductor wherein the 
gate electrode is used as a mask, and irradiating laser 
beams to thereby polycrystallize the non-singlecrystal- 
line semiconductor under the gate electrode or improve 
the crystallinity of said semiconductor without causing 
said non-singlecrystalline semiconductor in a complete- 
ly molten state. 

In drawings; 

Figure 1a is a cross-sectional view showing the in- 
itial stage of an example not forming part of the 
present invention of a process for preparing a poly- 
crystalline semiconductor thin film transistor; 
Figure 1 b is a cross-sectional view showing a man- 
ufacturing step next to the initial stage as shown in 
Figure 1a; 

Figure 1 c is a cross-sectional view showing the final 
stage of the process according to figure 1a; 
Figure 2a is a cross-sectional view showing the in- 
itial stage of the process for preparing a polycrys- 
talline semiconductor thin film transistor according 
to the present invention; 

Figure 2b is a cross-sectional view showing a step 

next to the stage as shown in Figure 2a; 

Figure 2c is a cross-sectional view showing the final 
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stage of the process according to the present inven- 
tion; 

Figure 3a is a cross-sectional view showing the in- 
itial stage of a conventional process for preparing a 
thin film transistor; 

Figure 3b is a cross-sectional view showing a step 
next to the stage as shown in Figure 3a; and 
Figure 4 \sa diagram showing impurity ion distribu- 
tion in a thin film of silicon before and after the irra- 
diation of laser beams. 

The process for preparing a polycrystalline semi- 
conductor thin film transistor according to the embodi- 
ment of the present invention and to examples not form- 
ing part thereof will be described with reference to the 
drawings. 

Referring to Figure 1a-1c, a passivation film 2 of a 
single layer or a multilayer formed of SiOx, SiNx, Si- 
OxNy, TaOx or the like is formed in a film thickness range 
of 50-1,000 nm on a transparent insulating substrate 1 
such as glass, ceramic, plastic or the like with use of a 
plasma CVD method, a sputtering method, an LP CVD 
method, an atmospheric pressure CVD method or the 
like. Then, an amorphous semiconductor layer 3 such 
as Si, Ge or the like which becomes a n on -si noncrys- 
talline semiconductor is formed on the passivation film 
in a film thickness range of 10-500 nm. When the film 
thickness is less than 10 nm, the crystallinity is poor. 
The electric characteristics of thus obtained TFT is poor 
and the usable range of a laser power is narrowed. On 
the other hand, when the film thickness is more than 500 
nm, the peeling-off of the amorphous semiconductor 
layer 3 easily takes place at the time of irradiating the 
laser beams. A film thickness range of 50-400 nm is 
more preferable. In place of the amorphous semicon- 
ductor, a microcrystalline semiconductor wherein fine 
crystal particles having the particle size of less than 50 
u.m are contained, or a polycrystalline semiconductor 
may be.used. In a case of using the polycrystalline sem- 
iconductor, it is subjected to laser irradiation to improve 
the crystallinity, whereby the magnification rate of cur- 
rent can be increased. 

-Amorphous silicon may be used as the amorphous 
semiconductor. In this case, it js preferable that the hy- 
drogen consent of the amorphous silicon is in a range 
of 0.5 atomic %~20 atomic % in order to conduct the 
step of laser beam annealing stably. When more than 
20 atomic % of hydrogen is used, the range of a laser 
power usable is narrowed and the amorphous silicon 
film easily peels off. On the other hand, when less than 
0.5 atomic % of hydrogen is used, a large amount of 
laser power is needed. Further, the scanning speed has 
to be reduced, which invites poor productivity. More 
preferably, the hydrogen content is in a range of 10 
atomic %-1 atomic %. The above-mentioned amor- 
phous silicon can be formed at a substrate temperature 
of 350°C or higher with use of a plasma CVD method, 
or can be formed by controlling a partial pressure of hy- 



drogen in a reaction vessel with use of a sputtering 
method or an ionized cluster beam deposition method, 
or can be formed with use of an LP CVD method or the 
like. Further, the amorphous silicon can be formed with 
s use of the plasma CVD method wherein amorphous sil- 
icon having a hydrog n content of about 20 atomic % 
or more is heated at 450°C or higher to expel hydrogen, 
so that the hydrogen content becomes about 10 atomic 
. % or lower. 

10 For controlling the threshold voltage of a thin film 
transistor, the amorphous semiconductor may contain 
impurities such as B or P uniformly or non-uniformly in 
the direction of the film thickness in an amount of from 
several tends PPM to several hundreds PPM. 

A photolithography method is used to form the 
amorphous semiconductor layer 3 in a pattern, and a 
gate insulating film 4 of a single layer or a multilayer of 
SiOx, SiNx, SiOxNy, TaOx or the like is formed on the 
patterned amorphous semiconductor layer 3 by using 

20 the plasma CVD method, the sputtering method, the LP 
CVD method, the AP CVD method or the like. Further, 
a gate material (which is used as a gate electrode) of a 
single layer or a multilayer of Cr, Ta, Al or the like is 
formed on the gate insulating film 4 by using a vacuum 

25 deposition method or the sputtering method. The pho- 
tolithography method is again used to form a conductive 
portion 5, which is used as the gate electrode, into the 
same pattern as the gate. The gate insulating film 4 is 
partially or entirely subjected to etching to have the 

30 same pattern as the gate, if required. Further, impurity 
ions such as P, B, As or the like are doped at an accel- 
eration voltage of 1 -1 00 kV and in an amount of 5 x 1 0 1 4 
- 1 x 10 16 atoms/cm 2 in a portion to be used for a 
source-drain region of the amorphous semiconductor 

35 layer 3 by using the gate as a mask and an ton implan- 
tation method. At this moment, ions of H, F or the like 
may be simultaneously implanted or molecule ions such 
as PHx, BxHy, BFx or the like may be simultaneously 
implanted. 

40 The gate which functions as a mask prevents the 
doping of P or B to the portion of the amorphous semi- 
conductors under the gate, and accordingly, it is unnec- 
. essary to determine the positional relation between the 
source-drain region and the gate, the positions being 

45 naturally (in a self-aligning manner) determined. Laser 
beams 6 are irradiated to the transparent insulating sub- 
strate 1 from its back surface side whereby the pdlycrys- 
tallization of the amorphous semiconductor layer 3 and 
activation of the impurity ions are simultaneously effect- 

50 ed. The laser used may be a continuous wave argon ion 
laser, a krypton ion laser, a XeCI excimer laser or the 
like. Especially, it is preferable to scan the argon ion la- 
ser at a high speed from the viewpoint of productivity 
and stability. The high speed scanning is conducted at 

55 scanning speed of a beam spot diameter X 5,000/sec 
or higher. With use of the scanning speed, the amor- 
phous semiconductor is polycrystallized without it be- 
coming a completely molten state. Figure 4 shows the 



3 



5 



EP 0 456 199 B1 



6 



fact that the distribution of ions in the semiconductor 
does not change before and after the irradiation of the 
laser beam. 

Figure 4 shows the distribution of the concentration 
of the impurities (boron B) in the direction of depth of s 
the silicon thin film, which is measured by the secondary 
ion mass spectrometry (SIMS). In Figure 4, a curve a 
indicates distribution of the concentration of boron in a 
state that B + ions are implanted in amorphous silicon at 
an acceleration voltage of 40kV, but it is not subjected 10 
to a heat treatment at all. A curve b indicates distribution 
of the concentration of boron B after the annealing and 
polycrystallization by argon ion laser beams having a 
beam diameter of 50 |im and a beam energy of 8W, and 
at a scanning speed of 10 m/s. A curve c indicates dis- is 
tribution of the concentration of boron B after the anneal- 
ing and polycrystallization by a pulse XeCI excimer laser 
having an energy of 0.8 J/crrr 2 . The curve c shows that 
Si in silicon is diffused and the silicon is completely mol- 
ten when polycrystallized. On the other hand, the curve 
b does not show a substantial change in comparison 
with the curve a, and it is considered that the melting of 
the silicon has not taken place. 

The irradiation of the laser beams may be conduct- 
ed in the atmosphere, in a vacuum condition or in an 
atmosphere of nitrogen or hydrogen. The substrate may 
be heated or cooled. However, it is desirable that the 
substrate is treated at the room temperature in the at- 
mosphere from the standpoint of productivity because 
influence due to difference in conditions is small in a 
case that a high speed scanning by the argon ion laser 
is conducted. 

Further, an interlayer insulating film 7 is formed on 
the annealed and polycrystallized product; contact 
holes are formed in the source-drain region,- and the 
source and drain 8 are provided on the source-drain re-, 
gion. The final product produced is a thin film transistor 
having polycrystalline portions 9, 10 of a low resistance 
in which the impurity ions such as R B or the like are 
doped and a polycrystalline semiconductor 11 and a 
polycrystalline semiconductor of a low resistance for the 
source-drain region. The region of the polycrystalline 
semiconductor 1 1 is referred to as a channel region. 

The process according to the present invention for 
preparing a polycrystalline semiconductor thin film tran- 45 
sistor will be described. This method is to apply laser 
beams to a non-singlecrystalline semiconductor formed 
on an insulating substrate to thereby effect beam an- 
nealing and polycrystalline to the semiconductor. 

Although description will be made in the following so 
as to the amorphous semiconductor as the representa- 
tive example of the present invention, the present inven- 
tion is also applicable to a case of using the microcrys- 
talline semiconductor or the polycrystalline semicon- 
ductor in place of the amorphous semiconductor. . ss 

. First of all, a gate insulating film is formed on the 
non-singlecrystalline semiconductor. Then, a non-sin- 
glecrystalline semiconductor is formed as a semicon- 



ductor for a gate electrode on the gate insulating film. 
Impurity ions are implanted into the semiconductor for 
the gate electrode and the non-singlecrystalline semi- 
conductor on the insulating substrate at a source-drain 
region. Thereafter, laser beams are irradiated to. the 
semiconductor and the non-single crystalline semicon- 
ductor so that the non-singlecrystalline semiconductor 
on the insulating substrate at the channel region is poly- 
crystallized or exhibits an improvement of crystallinity; 
the semiconductor for the gate electrode and the non- 
singlecrystalline semiconductor on the insulating sub- 
strate at the source-drain region is polycrystallized and 
activated; or they exhibit an improvement of crystallinity 
and activation, the improvement of crystallinity and the 
. activation being effected simultaneously. 

The method in accordance with the present inven- 
tion will be described with reference to Figures 2a, 2b 
and 2c. 

In Figures 2a, 2b and 2c, a passivation film 2 (hav- 
ing a film thickness of 50 nm-1 ,000 nm) of a single layer 
or a multilayer of SiOx, SiNx, SiOxNy, TaOx or the like, 
and an amorphous semiconductor layer 23 (having a 
film thickness of 10 nm-500 nm) of Si, Ge or the like, 
which serves as a non-singlecrystalline semiconductor, 
are formed on the transparent insulating substrate 1 
such as glass, ceramic, plastic or the like with use of a 
plasma CVD method, a sputtering method, an LP CVD 
method, an AP CVD method or the like. The film thick- 
ness of the amorphous semiconductor and the quality 
of film such as the hydrogen content are the same as in 
the first embodiment. 

A photolithography method is used to form the 
amorphous semiconductor layer 23 in a form of pattern, 
and a gate insulating film 24 of a single layer or a mul- 
tilayer of SiOx, SiNx, SiOxNy, TaOx or the like is formed 
on the patterned amorphous semiconductor layer 23 
with use of the plasma CVD method, the sputtering 
method, the LP CVD method, the AP CVD method or 
the like. Further, a non-singlecrystalline semiconductor 
made of a material such as Si, Ge or the like is formed 
as a semiconductor material for the gate electrode is 
formed on the gate insulating film 24. The semiconduc- 
tor material for the gate,electrode is preferably the same 
material as the amorphous semiconductor layer on the 
insulating substrate from the standpoint of stability in a 
laser beam annealing process. However, much amount 
of impurities such as B, P or the like may be contained 
in order to increase the electrical conductivity of the gate 
electrode. 

The photolithography method is again used to form 
the amorphous semiconductor in the same pattern that 
of the gate, whereby the gate semiconductor 25 is 
formed. The gate insulating film 24 may be etched par- 
tially or entirely to have the same pattern as the gate. 
By using the gate as a mask, impurity ions such as P, 
B, As or the like are doped by an ion implantation meth- 
od to the portions 29, 30 which constitute the source- 
drain regions in the amorphous semiconductor layer 23 
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at an acceleration voltage of 1 -1 00 kV and in an amount 
of 5 x 10 14 -1 x 10 1 6 atoms/cm 2 . Inthe ion implantation 
method, ions such as H, F or the like may be implanted 
together with the above-mentioned impurity ions, or . 
molecule ions such as PHx, BxHy, BFx or the. like may s 
be simultaneously implanted. In this case, the above- 
mentioned impurity ions are simultaneously doped into 
the amorphous gate semiconductor 25. 

By using the gate as a mask, the P ions or the B 
ions are not doped in the portion of the amorphous sem- 
iconductor 23 under the gate, and accordingly, it is un- 
necessary to match the position of the source-drain re- 
gion with the gate, and the position is naturally (or in a 
self-matching manner) determined. Then, the laser 
beams 26 are irradiated so that the polycrystallization 
of the amorphous semiconductor layer 23 and the acti- 
vation of the impurity ions are simultaneously conduct- 
ed. By optimizing the thickness of the thin film and the 
layers and the condition of laser beam irradiation, the 
gate semiconductor 25 as the amorphous semiconduc- 
tor and portions 29, 30, 31 which correspond to the 
source-drain region of the amorphous semiconductor 
layer and the channel region can be polycrystallized si- 
multaneously by irradiating once the laser beams. 

The scanning speed by the laser beams and other 
conditions are the same as those in the examples de- 
scribed before. 

Prior to the irradiation of the laser beams, the insu- 
lating film such as SiOx, SiNx, SiOxNy, TaOx or the like 
may be formed as an anti-reflection film in a thickness 
range of 10-300 nm. 

Further, an interlayer insulating film 27 is formed on 
the polycrystallized layers; contact holes are respective- 
ly formed on the source-drain region and the gate elec- 
trode; and an electric conducting portion 28 which are 
used as the electrodes of the source and drain and an 
electric conducting portion 32 which is used as the elec- 
trode of the gate are respectively formed. Thus obtained 
product, is a thin film transistor having polycrystalline 
portions 29, 30 of a low resistance in which the impurity 
ions such as P, B or the like are doped, the polycrystal- 
line semiconductor 21 and the polycrystalline semicon- 
ductor of a low resistance as the source-drain region. 

The polycrystalline semiconductor 31 is referred to 
as a channel region. 

The scanning speed of the laser beams used in the 
present invention is preferably a beam spot diameter x 
5,000/sec or more. It is usually at most a beam spot di- 
ameter X 500,000/sec. The most preferable range of 
the scanning speed of the laser beams is 3 m/sec~20 
m/sec. With use of the above-mentioned scanning 
speed, the amorphous semiconductor thin film is poly- 
crystallized without causing a completely molten state; 
thus, a polycrystalline semiconductor thin film is obtain- 
able. The reason why the polycrystalline semiconductor 55 
thin film can be produced will be described in connection 
with a change in the amorphous semiconductor thin film 
at the time of scanning of the laser beams and the laser 



power at the scanning. 

When the laser power is increased from a sufficient- 
ly small value* at a certain scanning speed, there ap- 
pears a first laser power threshold value at which the 
amorphous semiconductor thin film begins to show the 
crystallization to become the polycrystallin semicon- 
ductor thin film. The crystallization of the amorphous 
semiconductor thin film without having the completely 
molten state will be described in detail later. When the 
laser power is further increased, the semiconductor thin 
film becomes a molten state and a second laser power 
threshold value is found. Accordingly, in order to obtain 
the polycrystalline semiconductor thin film in a stable 
manner, it is necessary to select the magnitude of the 
irradiated laser power between the first and second la- 
ser power threshold values. However, when the scan- 
ning speed is low, the gap between the laser power 
threshold values becomes small. When the scanning 
speed is further slowed down. A set margin for the laser 
power which can form stably the polycrystalline semi- 
conductor thin film can never exist. On the other hand, 
when the scanning speed is high, the first and second 
laser power threshold values are both increased in com- 
parison with the case of a lower scanning speed, and 
the gap between the first and second laser power 
threshold values is broaden to thereby expand the set 
margin for the laser power. In the present invention, the 
scanning speed is a beam spot diameter x 5,000/sec 
or more. The reason why a preferable range of the scan- 
ning speed exists with respect to the beam spot diame- 
ter is that if a portion to be irradiated is sufficiently small- 
er than a beam spot diameter arid scanning is carried 
out at a certain speed, a time of irradiation is in propor- 
tion to the beam spot diameter and an energy of irradi- 
ation is substantially in proportion to the time of irradia- 
tion. From the reason described above, the scanning 
speed is preferably a beam spot diameter x 5,000/sec 
or more. 

Thus, the amorphous semiconductor thin film is 
crystallized without reaching a completely molten state, 
and it is transformed into a polycrystalline semiconduc- 
tor thin film in an extremely short time. Accordingly, it is 
possible to use a glasssubstrate which has a low heat 
resistance and is inexpensive. Further, the size of the 
substrate can be easily increased. In addition, since the 
set margin for the laser power can be expanded, the 
temperature control can be easy and the scanning 
speed is high, whereby the productivity is increased. 

In the scanning and irradiating of the laser beams 
on the amorphous silicon film, an insulation film, such 
as a silicon oxide film, a silicon nitride film or the like 
may be previously formed on the amorphous semicon- 
ductor thin film so as to use it as an anti-reflection film 
or a surface protective film to the laser beams. 

In the following, several preferred Examples will be 
described. Examples 1 and 2 do not form part of the 
present invention. 
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(EXAMPLE 1) 

On a glass substrate (AN glass manufactur d by 
Asahi Glass Company Ltd.), a passivation film of SiOx 
having a film thickness of 200 nm and an amorphous 
semiconductor layer of a-Si having a film thickness of 
100 nm were respectively formed at a temperature of 
glass substrate of 450° C with use of a plasma CVD 
method. The hydrogen content of the a-Si layer was 
about 5 atomic %. Then, a photolithography method is 
applied to the a-Si layer to form it into an island-like pat- 
tern. On the island-patterned a-Si layer, a gate insula- 
tion film of SiON having a thickness of 200 nm at 300°C 
was formed by the plasma CVD method. On the gate 
insulation film, a gate material of Cr was formed at a 
thickness of 1 50 nm at 3Q0°C by using an electron beam 
heat-vapor deposition method. With use of the photoli- 
thography method, an electric conducting portion which 
corresponds to the electrode of a gate was formed to 
have the pattern as the gate, and the gate insulation film 
was etched in the same pattern as the gate. By using 
the gate of Cr as a mask, P ions were doped in a portion 
for a source-drain region corresponding to the island- 
like pattern in the a-Si layer at an acceleration voltage 
of 10kV and a dose of 2 x 10 15 atoms/cm 2 . 8W argon 
ion laser beams having a diameter of about 50 urn were 
irradiated from the back surface of the glass substrate 
so that the polycrystallization of the a-Si layer and the 
activation of the impurity ions are simultaneously effect- 
ed. The scanning speed of the laser beams was 13 m/ 
s (2.6 x 10 s times/sec of the beam spot diameter). 
Then, SiON was formed as an interlayer insulation film 
at a thickness of 300 nm. Contact holes were formed on 
the source-drain region, and electric conducting por- 
tions which are used as electrodes for the source and 
drain were formed on the contact holes. Thus, 100. TFTs 
were formed on the same and single substrate. The 
measurement of the electrical conductivity of the 
source-drain region revealed that all 100 TFTs showed 
80Q' 1 cnrr 1 or more. 

(EXAMPLE 2) 

A passivation film of SiOx having a film thickness of 
200 nm and an amorphous semiconductor layer of a-Si 
having a film thickness of 200 nm were formed on a 
glass substrate (7059 manufactured by Corning) at a 
substrate temperature of 300°C with use of a plasma 
CVD method. The hydrogen content of the a-Si layer 
was about 18 atomic %. The glass substrate with the 
passivation film and the amorphous semiconductor lay- 
er was subjected to a heat treatment in a nitrogen at- 
mosphere at 450° C for 30 minutes. As a result, the ox- 
ygen content of the a-Si layer was reduced to about 
10%. A photolithography method was used so that the . 
a-Si layer was formed into an island-like pattern, and a 
gate insulation film of SiNx having a film thickness of 
250 nm was deposited on the patterned a-Si layer at 



350°C by using a plasma CVD method. Further, an Al 
layer of 150 nm thick was formed as a gate material, at 
150°C by a sputtering method. The photolithography 
method was again used to form an electric conducting 

s portion as the electrode of a gate so as to have the pat- 
tern of the gate. The gate insulation film was etched to 
have the same pattern as the gate. By using the gate of 
the Al layer as a mask, BFx ions (X = 0-3) were doped 
by an ion implantation method into the portion where the 

10 island-like patterned source-drain region in the a-Si lay- 
er was formed, at an acceleration voltage of 20 kV and 
a dose of 4 X 10 15 atoms/cm 2 . 9W argon ion laser 
beams having a diameter of about 100 um was irradiat- 
ed to the deposited body from the back surface side of 

'5 the glass substrate so that the polycrystallization of the 
a-Si layer and activation of impurity ions were simulta- 
neously effected.Jn this case, the scanning speed of the 
laser beams was 1.2 m/s (1.2 X 10 4 times/sec of the 
beam spot diameter) on the body. A SiON layer of 300 

20 nm thick was overlaid as an interlayer insulation film; 
contact holes were formed in a source-drain region; and 
an electric conducting portion used as the electrodes of 
the source and the drain was formed. Thus, 100 TFTs 
were formed on the same and single substrate. The 

25 electrical conductivity of the source-drain region was 
measured. As a result, all 100 TFTs showed 40£2* 1 cm* 1 
or more. 

(EXAMPLE 3) 

30 

On a glass -substrate (AN manufactured by Asahi 
Glass Company Ltd.), a passivation film of SiOx having 
a thickness of 200 nm and an amorphous semiconduc- 
tor layer of a-Si having a thickness of 100 nm were 

35 formed at a substrate temperature of 450°C with used 
a plasma CVD method. The hydrogen content of the a- 
Si layer was about 5 atomic %. A photolithography meth-/ 
od was used to the deposited body so that the a-Si layer 
was patterned into an island-like form. A gate insulation 

40 film of SiON having a thickness of 200 nm was formed 
on the a-Si layer at 300°C by using the plasma CVD 
method. As a semiconductor material for a gate elec- 
trode, an a-Si layer having a thickness of .50 nm was 
formed in the same conditions as the preparation of the 

45 amorphous semiconductor layer. The a-Si layer was 
subjected to a photolithography method so that it was 
formed into the same pattern as the gate electrode. The 
gate insulation film was also etched to have the same 
pattern as the gate. P ions were doped by an ion implan- 

so tation method to the portions of the a-Si layer as the gate 
electrode and a source-drain region formed in the is- 
land-like pattern of the a-Si layer formed on the glass 
substrate at an acceleration voltage of 1 0 kV and a dose 
of 2 x 10 15 atoms/cm 2 , 10W argon ion laser beams 

55 were focused to have a diameter of about 50 |im and 
the laser beams were irradiated on the deposit d body 
so that the polycrystallization of the semiconductor for 
the gate electrode, the channel region and the a-Si layer 
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for the source-drain region and the activation of impurity 
ions to the semiconductor for the gate electrode and the 
source-drain region were simultaneously effected. In 
the irradiation of the laser beams, the scanning speed 
was 1 3m/s. Further, a SiON layer of 300 nm thick as an 
interlayer insulating film was formed on the polycrystal- 
line layer; contact holes were formed on the gate elec- 
trode and the source-drain region; and an electric con- 
ducting portion used as the electrode of a gate and an 
electric conducting portion used as the electrodes for a 
source and drain were formed. Thus, 100 TFTs were 
formed on the same and single substrate. The electrical 
conductivity of the source-drain region was measured. 
As a result, all 100 TFTs showed 80ft- 1 cnrr 1 or more. 

(EXAMPLE 4) 

A passivation film of SiOx having a thickness of 200 
nm and an amorphous semiconductor layer of a-Si hav- 
ing a thickness of 200 nm were formed on a glass sub- 
strate (Corning 7059) at a substrate temperature of 
300°C with use of a plasma CVD method. The hydrogen 
content of the a-Si layer was about 1 8 atomic %. The a- 
Si layer was formed into an island-like pattern by a pho- 
tolithography method. A gate insulation film of SiNx hav- 
ing a thickness of 250 nm was deposited on the a-Si 
layer having the island-like pattern at 350°C by the plas- 
ma CVD method. Further, as a semiconductor material 
for the gate electrode, an a-Si layer having a thickness 
of 50 nm was formed in the same conditions as the prep- 
aration of the amorphous semiconductor layer. The de- 
posited body was subjected to a heat treatment at 
450°C for 30 minutes in a nitrogen flow so that the hy- 
drogen content of the a-Si layer was reduced to about 
10%. The photolithography method was again used to 
form the a-Si layer into the pattern of a gate electrode 
5. The gate insulation film was etched to have the same 
pattern as the gate. BFx ions (x = 0-3) were doped by 
an ion implantation method into the portions of the a-Si 
layer for the gate electrode and the source-drain region 
in the island-like a-Si layer on the glass substrate at an 
acceleration voltage of 20 kV and a dose of 4 X 10 15 
atoms/cm 2 . Then, an anti-reflection film of SiOxNy.hav-_ 
ing a thickness of 80 nm was formed on the body. There- 
after, 9W argon ion laser beams were focused to have 
a diameter of about 100 |im, and the laser beams were 
irradiated so that the polycrystallization of the a*Si layer 
and the activation of the impurity ions were simultane- 
ously effected. The scanning speed of the laser beams 
was 1.2 m/s. Further, a SiOxNy layer of 250 nm thick 
was deposited as an interlayer insulation film; contact 
holes were formed on the gate electrode and the source- 
drain region; and an electric conducting portion for the 
gate electrode and an electric conducting portion for the 
source-drain electrodes were formed on the gate elec- 
trode and the source-drain region. Thus, 1 00 TFTs were 
formed on the same and single substrate. The electrical 
conductivity of the source-drain region was measured. 



As a result, all 100 TFTs showed 40 Q" 1 cnrr 1 or more. 
(EXAMPLE 5) 

s TFTs were prepared in the same manner as the con- 
ditions of Examples 1, 2, 3 and 4 except that the film 
thickness of the a-Si layer was 50 nm, 300 nm and 400 
nm. The measurement of the sheet resistance revealed 
. the same result as those in Examples 1, 2, 3 and 4. 

10 

(EXAMPLE 6) 

TFTs were prepared in the same manner as the con- 
ditions in Examples 1 , 2, 3 and 4 except that the hydro- 
is gen content of the a-Si layer was 4, 6, 8 and 1 0 atomic 
%. The measurement of the electrical conductivity of the 
TFTs revealed the same result as those of Examples 1 , 
2, 3 and 4. 

20 (EXAMPLE 7) 

TFTs.were prepared in the same manner as the 
conditions in Examples 1,2,3 and 4 except that the tem- 
perature of the glass substrate just before the irradiation 
2S of the laser beams was 1 0, 30, 50 and 80°C. The meas- 
urement of the electrical conductivity of the TFTs re- 
vealed the same result as Examples 1 , 2, 3 and 4. 

(EXAMPLE 8) 

30 

Active matrix substrates each having a 10cm 3 
square glass substrate on which 100,000 TFTs are 
formed were prepared in accordance with the same 
process as described in Examples 1-7. 

35 Opposing substrates each having a glass substrate 
of the same size on which opposing electrodes are 
formed were prepared. 

Cells were formed by bonding respectively the ac- 
tive matrix substrates and the opposing substrates in- 

40 terposing spacers therebetween, and then, liquid crystal 
was filled in each of the spaces formed between of the 
active matrix substrates and the opposing substrates 
whereby .liquid, crystal display substrates were pre- 
pared. 

45 Each of the liquid crystal display substrates and 
each light source were put in each box to prepare liquid 
crystal display devices. 

They showed picture images having brightness and 
a high contrast. 

50 The liquid crystal display devices of the present in- 
vention may be prepared in accordance with specifica^ 
tions other than the above-mentioned. 

(COMPARATIVE EXAMPLE) 

55 

As a Comparative Example, a case that impurity 
ions are activated by a heat treatment will be described. 
A passivation film of SiOx having a film thickness of 
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200 nm and an amorphous semiconductor layer of a-Si 
having a thickness of 200 nm were formed by a plasma 
CVD method on a glass substrate (Corning 7059) at a 
substrate temperature of 300°C. The hydrogen content 
of the a-Si layer was about 1 8%. A heat treatment was $ 
conducted at 450°C for 30 minutes in a nitrogen flow so 
that the hydrogen content of the a-Si layer was reduced 
to about 10%. 6W argon ion laser beams were focused 
to have a diameter of about 50 u.m and the focused laser 
beams are irradiated at a scanning speed of 1 3 m/s so 
as to polycrystallize the a-Si layer. Then, the poly-Si lay- 
er was formed in an island-like pattern by using a pho- 
tolithography method. A gate insulation film of SiNx hav-, 
ing a thickness of 250 nm was formed on the patterned 
poly-Si layer at 350° C with use of the plasma CVD meth- 
od. Further, as a gate material, Al was vapor-deposited 
at 1 50°C by a sputtering method to form an Al layer of 
150 nm thick. Then, an electric conducting portion used 
for a gate electrode was formed into the pattern of the 
gate by the photolithography method, and the gate in : 
sulation film was etched to have the same pattern as the 
gate. With use of the gate of Al as a mask, BFx ions (x 
= 0-3) were doped by an ton implantation method to the 
portion of the island-like poly-Si layer as a source-drain 
region at an acceleration voltage of 20 kV and a dose 
of 4 X 10 15 atoms/cm 2 . Heat treatments for activating 
the impurity ions were conducted respectively at 300°C, 
400°C and 550°C for 60 minutes. Further, a SiON layer 
was formed as an interlayer insulation film at a thickness 
of 300 nm; contact holes were formed on the source- 
drain region; and an electric conducting portion used for 
the electrodes of source and drain was formed on the 
source-drain region. Thus, 1 00 TFTs were formed on the 
same and single substrate. The electrical conductivity 
of the source-drain region was measured. As a result, 
the substrate which was subjected to the heat treatment 
for activation at 300°C exhibited a electrical conductivity 
of about 0.5 Q" 1 cm' 1 which is insufficient as electrical 
conductivity. The substrate which was subject to the 
heat treatment of 400°C exhibited an electrical conduc- 
tivity of about 4 ^• 1 cm -1 which is still insufficient as elec- 
tric conductivity. Further, there found a damage by heat 
in an Al wiring and there was found so-called hillock, the 
substrate which was subjected to the heat treatment of 
550°C showed an electrical conductivity of about 40 
Q- 1 cnrr 1 which fairly improved electrical conductivity. 
However, the Al wiring was severely damaged and there 
was found the breaking of wiring at a part. Further, the 
heat treatment of 550°C caused great shrinkage and de- 
formation in the glass substrate. In particular, there was 
found a shrinkage of about 4 jim to 100 mm. According- 
ly, it is considered to be impossible to use a glass sub- 
strate having a large surface area. 

In accordance with the present invention, it is pos- 
sible to greatly improve the electrical conductivity of the 
source-drain region in comparison with the conventional 
process wherein impurity ions are activated by heat. For 
instance, in a case of an n type semiconductor wh rein 



P ions are implanted, the substrate subjected to a con- 
ventional heat treatment method (500°C, one hour) ex- 
hibits an electrical conductivity of about 7 fl^cm* 1 , and 
on the other hand, in accordance with the method of the 
present invention using the laser beam irradiation, it ex- 
hibits an electrical conductivity of about 80 ft -1 cm- 1 
which shows an improvement of one figure or more. This 
results in increasing in an ON current of the transistor 
while an OFF current remains unchanged, whereby the 
driving performance of the TFT is increased to thereby 
increase the number of the scanning lines of an active 
matrix, hence, it is possible to produce a further precise 
display device. Further, since no heat treatment is used, 
a glass substrate having a low heat resistance, which 
will increase processability, can be used. As the sub- 
strate, such one having a large surface area can be 
used, so that a display device having a large surface 
area can be realized. Further, by using the substrate 
having a large surface area, a plurality of TFT products 
can be manufactured, which can reduce cost for manu- 
facturing. Since no heat treatment is conducted, alumi- 
num having.a low melting point and resistance can be 
used as a material for wiring, whereby a problem of 
causing increase in resistance in the wiring of the dis- 
play device having a large surface area can be eliminat- 
ed. 

Further, in accordance with the process, of the 
present invention, the polycrystallization of the channel 
portion is simultaneously conducted, and accordingly, a 
step of heat treatment for activating the source-drain re- 
gion, which was employed in the conventional process, 
is unnecessary, hence, the number of step can be re- 
duced. 



1. A process of preparing a polycrystalline semicon- 
ductor thin film transistor, comprising the steps of: 

forming a non-singlecrystalline semiconductor 
layer formed of amorphous silicon and having 
a thickness of 1 0-500 nm on a front surface side 
of a transparent insulating substrate; 
forming a gate insulation layer on the non-sin- 
glecrystalline semiconductor layer; forming a 
gate electrode of non-singlecrystalline semi- 
conductor on the gate insulation layer at a 
channel region; 
- * implanting impurity ions into the gate electrode 
and a source-drain region of said non-single- 
crystalline semiconductor layer formed of 
amorphous silicon, wherein the gate electrode 
of semiconductor is used as a mask; 
irradiating continous wave laser beams on the 
deposited semiconductor layers with a high 
scanning speed of a beam spot diameter x 5 
000/sec or higher, and with a laser power be- 
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tween a first laser power threshold value for 
which the recrystailization process begins and 
a second laser power threshold value for which 
the molten state begins, so that simultaneously 
the non-singlecrystalline semiconductor at the s 
channel region is polycrystallized, the non-sin- 
glecrystalline semiconductor at the source and 
drain region is polycrystallized, said impurity 
ions implanted into the non-singlecrystalline 
semiconductor at the source-drain region are 10 
activated, and 

said impurity ions implanted into the gate elec- 
trode are activated and the non-singlecrystal- 
line semiconductor of the gate electrode is poly- 
crystallized, without causing said non-single- is 
crystalline semiconductor layers to reach a 
completely moiten state. 

2. The process of preparing a polycrystalline semicon- 
ductor thin film transistor according to claim 1, 20 
wherein the substrate is glass. 

3. The process of preparing a polycrystalline semicon- 
ductor thin film transistor according to claim 1 or 2, 
wherein a hydrogen content of the non-single crys- 2s 
talline semiconductor is 0,5-20 atomic percent. 

4. The process of preparing a polycrystalline semicon- 
ductor thin film transistor according-to any claim of 
claims 1 to 3, wherein the laser beams are conti- 30 
nous-wave argon ion laser beams. 

5. The process of preparing a polycrystalline semicon- 
ductor thin film transistor according to any claim of 
claims 1 to 4, wherein the impurity ions are implant- 35 
ed at an acceleration voltage of 1 -1 00 kV and in an 
amount of 5-10 14 to MO 16 atoms/cm 2 : 

6. The process of preparing a polycrystalline semicon- 
ductor thin film transistor according to any claim of 40 
claims 1 to 5, wherein an anti-reflection film in a 
thickness range of 10-300 nm is formed. 

7. The process of preparing a polycrystalline semicon- 
ductor thin film transistor according to any claim of 45 
claims 1 to 6, wherein laser beam is irradiated at 

the scanning speed of 3 to 20 m/s. 

Patentanspruche 

1. Verfahren zur Herstellung eines Dunnfilmtransi- 
stors mit polykristallinem Halbleiter, umfassend die 
Schritte: 

55 

Herstellen einer Schicht aus nichteinkristalii- 
nem Halbleiter, gebildet aus amorphem Silici- 
um und mit einer Dicke von 10-500 nm auf der 



Vorderseite eines durchsichtigen isolierenden 
Substrats; 

Herstellen einer Gateisolationsschicht auf der 
Schicht aus nichteinkristallinem Halbleiter, 
Herstellen einer Gateelektrode aus nichteinkri- 
stallinem Halbleiter auf der Gateisolations- 
schicht in einem Kanalbereich; 
Implantieren von Verunreinigungsionen in die 
Gateelektrode und einen Source-Drain-Be- 
reich der aus amorphem Silicium gebildeten 
nichteinkristallinen Halbleiterschicht, wobei die 
Gateelektrode des Hajbleiters als Maske ver- 
wendet wird, 

Bestrahlen der abgeschiedenen Halbleiter- 
schichten mit Laserstrahlen kontinuierlicher 
Welle mit hoher Abtastgeschwindigkeit von ei- 
nem Fleckdurchmesser des Strahls x 5000/s 
Oder hoher, und mit einer Laserleistung zwi- 
schen einem ersten Schwellenwert fur die La- 
serleistung, bei dem der Rekristalltsationsvor- 
gang beginnt und einem zweiten Schwellen- 
wert fur diese Laserleistung, bei dem der ge- 
schmolzene Zustand beginnt, so daB gleichzei- 
tig der nichteinkristalline Halbleiter im Kanalbe- 
reich poly kristall isiert, der nichteinkristalline . 
Halbleiter im Source- und Drain-Bereich poly- 
kristallisiert, wobei die in den nichteinkristalli- 
nen Halbleiter im Source-Drain-Bereich im- 
plantierten Verunreinigungsionen aktiviert wer- 
den und 

wobei die in der Gateelektrode implantierten 
Verunreinigungsionen aktiviert werden und der 
nichteinkristalline Halbleiter der Gateelektrode 
polykristallisiert, ohne daB die nichteinkristalli- 
nen Halbleiterschichten vollstandig den ge- 
schmolzenen Zustand erreichen. 

2. Verfahren zur Herstellung eines Dunnfilmtransi- 
stors mit polykristallinem Halbleiter nach Anspruch 
1, wobei das Substrat Glas ist. 

3. Verfahren zur Herstellung eines Dunnfilmtransi- 
. stors mit polykristallinem Halbleiter nach Anspruch 

1 oder 2, wobei der Wasserstoffgehalt in dem nicht- 
einkristallinen Halbleiter 0,5-20 Atomprozent be- 
tragt. 

4. Verfahren zur Herstellung eines Dunnfilmtransi- 
stors mit polykristallinem Halbleiter nach einem der 
Anspruche 1 bis 3, wobei die Laserstrahlen Argon- 
ionen laserstrahlen kontinuierlicher Welle sind. 

5. Verfahren zur Herstellung eines Dunnfilmtransi- 
stors mit polykristallinem Halbleiter nach einem der 
Anspruche 1 bis4 t wobei die Verunreinigungsionen 
bei einer Beschleunigungsspannung von 1-100 kV 
und in einer Menge von 5-10 14 bis M0 16 Atome/ 
cm 2 implantiert werden. 
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6. Verfahren zur Herstellung eines Dunnfilmtransi- 
stors mit polykristallinem Halbleiter nach einem der 
Anspruche 1 bis 5, wobei ein Antireflexionsfilm in 
einem Dickenbereich von 10-300 nm gebildet wird. 

7. Verfahren zur Herstellung eines Dunnfilmtransi- 
stors mit polykristallinem Halbleiter nach einem der 
Anspruche 1 bis 6, wobei der Laserstrahl mit einer 
Abtastgeschwindigkeit von 3 bis 20 m/s ausge- 
strahlt wird. 



Revendications 

1. Procede de preparation d'un transistor a couches 
minces et a semi-conducteur polycristallin compre- 
nant les etapes de : 

formation d'une couche de semi-conducteur 
non monocristallin forrn§e de silicium ambrphe 
et ayant une epaisseurde 1 0 a 500 nm, sur une 
surface frontale d'un substrat isolant 
transparent ; 

formation d'une couche d'isolation de grille sur 
la couche de semi-conducteur non 
monocristallin ; 

formation d'une electrode de grille, en un semi- 
conducteur non monocristallin, sur la couche 
d'isolation de grille dans une region de canal ; 
implantation d'ions impuretes dans ('electrode 
de grille et dans une region source-drain de la- 
dite couche de semi-conducteur non monocris- 
tallin formee sur le silicium amorphe, ('electrode 
de grille en semi-conducteur etant utilised en 
tant que masque ; 

irradiation par des faisceaux laser en regime 
continu, des couches de semi-conducteur d6- 
posees, avec une grande vitesse de balayage, 
ayant un diametre de spot de faisceau x 5000/s 
ou plus, et avec une puissance de laser com- 
prise entre une premiere valeur de seuil de 
puissance de laser pour laquelle commence le 
procede de recristallisation et une deuxieme 
valeur de seuiLde puissance du laser pour la- 
quelle commence I'etat fondu, de facon que si- 
multanement le semi-conducteur non cristallin 
au niveau de la region de canal se polycristal- 
lise, le semi-conducteur non monocristallin au 
niveau de la region de source et de drain se 
. polycristallise, lesdits ions impuretes implanted 
dans le semi-conducteur non monocristallin au 
niveau de la region source-drain soient actives, 
et 

lesdits ions impuretes implantes dans I'electro- 
de de grille soient actives et le semi-conducteur 
non monocristallin de I'electrode de grille soit 
polycristallise, sans amener tesdites couches 
de semi-conducteur non monocristallin a at- 



teihdre un 6tat entierement fondu. 

2. Proced6 de preparation d'un transistor a couches 
minces et a semi-conducteur polycristallin selon la 

s revendication 1 , dans lequel le substrat est le verre. 

3. Procede de preparation d'un transistor a couches 
minces et a semi-conducteur polycristallin selon la 
revendication 1 ou 2, dans lequel une teneur en hy- 

10 drogene du semi-conducteur non monocristallin est 
de 0,5 a 20 % en atomes. 

4. Procede de preparation d'un transistor a couches 
minces et a semi-conducteur polycristallin selon 

is I'une quelconque des revendications 1 a 3, dans le- 
quel les faisceaux laser sont des faisceaux laser a 
ions argon en regime continu. 

5. Procede de preparation d'un transistor a couches 
20 minces et a semi-conducteur polycristallin selon 

I'une quelconque des revendications 1 a 4, dans le- 
quel les ions impuretes sont implantes a une ten- 
sion d'acceleration de 1 a 1 00 kV et en une quantite 
de 5 x 10 14 a 1 x 10 16 atomes/cm 2 . 

25 

6. Procede de preparation d'un transistor a couches 
minces et a semi-conducteur polycristallin selon 
I'une quelconque des revendications 1 a 5, dans le- 
quel un film anti-reflechissant est forme sur une 

30 6paisseur de 1 0 a 300 nm. 

7. Proc6de de preparation d'un transistor a couches 
minces et a semi-conducteur polycristallin selon 
I'une quelconque des revendications 1 a 6, dans le- 
quel I'irradiation avec un faisceau laser est effectu^ 
a une vitesse de balayage de 3 a 20 m/s. 
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